Sublytic complement C5b-9 complexes can cause cell apoptosis, but the mechanism of glomerular mesangial cell (GMC) apoptosis mediated by these complexes has not been well defined. The activating transcription factor 3 (ATF3) gene is an immediate early gene for the cell to cope with a variety of stress signals and can promote apoptosis of some cells. In this study, ATF3 expression and cell apoptosis in GMCs induced by sublytic C5b-9 were measured, and then the effects of ATF3 gene over-expression or knockdown on GMC apoptosis induced by sublytic C5b-9 were examined at a fixed time. The results showed that both ATF3 expression and GMC apoptosis were markedly increased and ATF3 over-expression obviously increased sublytic C5b-9-induced GMC apoptosis, whereas ATF3 gene silencing had a significant opposite effect. Collectively, these findings indicate that upregulation of ATF3 gene expression is involved in regulating GMC apoptosis induced by sublytic C5b-9 complexes.
INTRODUCTION
Mesangioproliferative glomerulonephritis (MsPGN), characterized by glomerular mesangial cell (GMC) proliferation and extracellular matrix accumulation, is a disease of high incidence in humans. 1 Although GMC injury in human MsPGN involves complement system activation, especially formation of C5b-9 complexes, the factors regulating GMC lesions are not well known. 2, 3 Rat MsPGN, namely Thy-1 nephritis (Thy-1N), is induced by the Thy-1 antibody binding to the corresponding antigen on the membrane of rat GMCs. 4, 5 Early studies of Thy-1N have revealed that GMC injury is complement dependent and neutrophil independent. 6, 7 Activation of the complement system can generate the complement C5b-9 complexes (i.e., membrane attack complex). 8 The role of C5b-9 on the target cell is thought to be lytic or sublytic, involving the formation of transcellular transport on the membrane and resulting in cell lysis in the former and latter cases, causing a secondary cell injury through several inflammatory mediators or cytokines derived from GMCs after sublytic C5b-9 attack. 9 Generally, the injury by C5b-9 to nucleated cells is almost non-lysis (sublytic) because the surfaces of the cells have many homologous restriction factors, such as complement receptor 1 (CR1)-related gene/protein y, CD59 and membrane cofactor protein, or the number of channels assembled on the surface of nucleated cells is limited. [8] [9] [10] Previous experiments have shown that GMCs of rats with Thy-1N undergo changes in apoptosis, necrosis and secondary proliferation. 11, 12 As for GMC apoptosis, there are many problems that remain unclear. 13 Thus, the molecular mechanism of GMC apoptosis mediated by sublytic C5b-9 complexes is worth exploring.
Activating transcription factor 3 (ATF3) is a member of the ATF/ cAMP response element binding (CREB) family of transcription factors. 13, 14 Overwhelming evidence confirms that the ATF3 gene is activated in many tissues by a variety of stress signals, including proinflammatory cytokines, ischemia and hypoxia. 15, 16 Several studies have revealed that ATF3 can induce apoptosis in ovarian cancer cells 17, 18 and enhance etoposide-or camptothecin-induced apoptosis in HeLa cells. 19 Moreover, our results of microarray analysis also demonstrated that ATF3 mRNA is increased 5.2-fold and 2.1-fold in the GMC apoptosis phase of Thy-1N rats and in cultured GMCs stimulated by sublytic C5b-9 attack, respectively (data not shown). Therefore, the purpose of the present study is to ascertain whether ATF3 expression can be upregulated in GMCs with sublytic C5b-9 stimulation and to determine the role of ATF3 in sublytic C5b-9-induced GMC apoptosis.
MATERIALS AND METHODS

Reagents
The polyclonal antibody against ATF3 (sc-188) and monoclonal antibody against b-actin (sc-47778) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The monoclonal antibody (ox-7) against rat Thy-1 antigen was provided by Santa Cruz. The horseradish peroxidase-conjugated secondary antibody was provided by Jackson ImmunoResearch Laboratories (West Grove, PA, USA). The HBZY-1 rat GMC cell line was provided by the China Centre for Type Culture Collection (Wuhan, China). Fetal calf serum was from Gibco (Carlsbad, CA, USA). Normal human serum from several healthy adult donors was pooled and used as a source of serum complement. Heat-inactivated serum (HIS) was prepared by incub-ating the normal human serum at 56 uC for 30 min. Human complement C6-deficient serum (C6DS) was purchased from Sigma (Sigma, USA). The restriction enzyme SfiI and T4 DNA ligase were purchased from TaKaRa (Tokyo, Japan). The QIAprep Spin Miniprep kit was obtained from QIAGEN (Hilden, Germany). GenEscort III was supplied by Wisegen (Nanjing, China). Moloney murine leukemia virus (M-MLV) reverse transcriptase and oligo (dT) 15 primer were from Promega (Madison, MI, USA). Chemiluminescence detection was from PerkinElmer Life Sciences (Boston, MA, USA). Hoechst 33342 was purchased from Beyotime Biotechnology Inc. (Nantong, China). Annexin-V/ allophycocyanin (APC) was purchased from Bender Medsystems (Vienna, Austria). Small hairpin RNA (shRNA) and PGCsi were obtained from Shanghai Genkan Biotechnology (Shanghai, China).
GMC culture and sublytic C5b-9 determination Rat GMCs were cultured and maintained in modified Eagle's medium (MEM) supplemented with 10% fetal calf serum, 100 mg/ml penicillin and 100 mg/ml streptomycin, and used from passages 5 to 7 for experiments. The formation of complement sublytic C5b-9 complexes on the GMC membrane was identified as previously described. 10, 13, 20 Briefly, the selection of the anti-Thy-1 antibody (Ab) and complement concentration used in the study was based on a checkerboard titration study to define the maximal amounts of anti-Thy-1 Ab and complement that could be used without producing rat GMC lysis. 10, 20 To ensure that C5b-9 attack was insufficient to induce marked cell lysis, lactate dehydrogenase (LDH) was measured in the supernatants of cultured GMCs using the LDH assay kit. The lysis rate was expressed as a percentage of the change in the absorbance of the media compared to changes in absorbance of the media of Triton-lysed cells and media of untreated cells. Less than 5% LDH release from cells was regarded as a sublytic effect. The selection of anti-Thy-1 Ab and complement concentration used in our experiment was 5% anti-Thy-1 Ab and 4% normal human serum, which resulted in less than 5% LDH release. 13 In addition, to demonstrate that the effects on GMCs following various treatments were in fact due to sublytic C5b-9 stimulation, GMCs were divided into five groups (five treatments), namely MEM, Thy-1 Ab, Thy-1 Ab1HIS, Thy-1 Ab1C6DS and sublytic C5b-9 groups. 10 After timecourse analysis of ATF3 expression upon attack of sublytic C5b-9, another human serum incubation time of 3 h was decided.
ATF3 expression vector construction
The full-length coding region of ATF3 cDNA was inserted into a pcDNA3.1 expression vector (a gift from Professor Jianming Li, Nanjing Medical University, Nanjing, China) to generate pcDNA3.1/ATF3. Briefly, first-strand cDNA was synthesized from total RNA of renal tissue of rat Thy-1N (3 h) using M-MLV reverse transcriptase. The ATF3 gene was amplified by polymerase chain reaction (PCR). Specific primer sequences were as follows: forward primer, 59-AAGGCCAATCCGGCCATGATGCTTCAACATCCA-39, and reverse primer, 59-GGCCTCTAAGGCCTCACTCGGGAAGG-GTGATGC-39. PCR products and the pcDNA3.1 vector were digested with SfiI and ligated using T4 DNA ligase. The recombinant plasmids were amplified in Escherichia coli strain DH5a and purified with the QIAprep Spin Miniprep kit. The constructed plasmid was sequenced across both junctions to confirm the nucleotide sequence and the predicted orientation. 13, 21 ATF3 shRNA vector generation The nucleotide sequences of shRNAs targeting the rat ATF3 gene were designed and chemically synthesized by Genechem Co. Ltd (Shanghai, China). These segments of DNA were searched in the NCBI sequence bank using the BLAST program, which confirmed no match to any genes other than the target gene, verifying the specificity of the target region by the shRNAs. Five different nucleotide sequences of shRNAs against rat ATF3 were then cloned into the plasmid pGCsi-U6/Neo/ green fluorescent protein (GFP), which contains a multiple cloning site for insertion of shRNA constructs to be driven by an upstream U6 promoter and a downstream cytomegalovirus promoter-GFP (marker gene) cassette. The resulting eukaryotic expression vectors containing rat ATF3 shRNAs were named ATF3 shRNAs 1-5, and their sequences were confirmed by sequence analysis.
GMC transfection and identification
Transient transfection of ATF3 expression plasmids or ATF3 shRNA expression plasmids into the cultured GMCs was conducted using GenEscort III according to the manufacturer's instructions. In brief, GMCs were seeded in a six-well culture dish with complete media and transfected at 80% confluence with pcDNA3.1/ATF3 (pATF3), mock control pcDNA3.1 or ATF3 shRNA/GFP using GenEscort III and incubated for 24, 36, 48 or 60 h. Then, the efficiency of shRNA transfection was detected by the fluorescence of GFP. Moreover, ATF3 protein expression in the GMCs transfected by pATF3 or ATF3 shRNAs after a fixed time was measured by western blot.
Reverse transcription (RT)-PCR
Cells were collected at indicated time points and RNA was prepared using Trizol reagent according to the manufacturer's protocol. A total of 1 mg RNA was used for the first-strand cDNA synthesis. RT was performed with M-MLV reverse transcriptase and oligo (dT) 15 primer. The primers used for PCR amplification were as follows: ATF3 forward 59-GCGCGGATCCATGATGCTTCAACATCCA-39 and reverse 59-GCGCAAGCTTTTAGCTCT GCAATGTTCCTTCTTTT-39, b-actin primers forward 59-TCCTGTGGCATCCA CGAAACT-39 and reverse 59-GAAGCATTTGCGGTGGACGAT-39. The PCR reaction was performed at an annealing temperature of 56 uC for 25 cycles. PCR products were separated via 1.0% agarose gel electrophoresis and visualized by ethidium bromide staining. Ratios for IRF-1/b-actin mRNA were calculated for each sample.
Real-time PCR
The total RNA in various GMCs was extracted, and RT was performed using M-MLV reverse transcriptase. The quantification of ATF3 gene expression in the fixed time was performed by real-time PCR using an ABI PRISM 7300 sequence detection system. The following primers and fluorescence-labeled probes were used: for ATF3, forward primer 59-CACCTTTGCCATCGGATGTCC-39, reverse primer 59-CTTTCCCGCCGCCTCCTT-39, and FAM/TAMRA-labeled probe 59-CGCTGGAGTCAGTCACCATCAACAACAG-39; and for b-actin, forward primer 59-TCACCCACACTGTGCCCATCTATGA-39, reverse primer 59-CATCGGAACCGCTCATTGCCGATAG-39, and FAM/TAMRA-labeled probe: 59-ACGCGCTCCCCCATGCCATCC-TGCGT-39. The relative level of the gene expression was obtained by calculating the ratio of threshold cycle (CT) numbers of the initial exponential amplification phase as determined by the sequence detection system for the specific target gene and b-actin using the following formula: 2 (normalized CT in control sample -normalized CT in stimulated sample). All measurements were performed in duplicate.
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Western blot
After treatment, GMC proteins were extracted using radioimmunoprecipitation assay buffer, and the concentration was determined using the BCA kit. Then, 30 mg of protein was loaded and electrophoresed on a 15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel, transferred to 0.45-mm PVDF membrane, blocked in 5% skim milk and 0.5% Tween-20 in Tris-buffered saline, and incubated with the primary antibody (1:500 anti-ATF3 antibody, 1/1000 anti-b-actin antibody) followed by incubation with a 1/2500 dilution of horseradish peroxidase-conjugated secondary antibody. Bands were visualized by enhanced chemiluminescence detection and quantitated by densitometry scanning.
Immunohistochemistry
GMCs were cultured on plastic slides and divided into five treatments as previously described. The slides were washed in phosphate-buffered saline (PBS) and incubated for 1 h at 37 uC with anti-ATF3 antibody (diluted 1/100). After washing in PBS, the cells were incubated with horseradish peroxidase-conjugated secondary antibody for 30 min. The reaction was visualized using the chromogen 39-diaminobenzidine and analyzed directly under a microscope.
Hoechst staining
Differently treated GMCs were washed once with PBS, fixed in 3% paraformaldehyde for 30 min, washed again and stained with Hoechst 33342 at a final concentration of 10 mM for 20 min. Cells were then washed twice with PBS and examined and immediately photographed under a fluorescence microscope (Nikon Corporation, Tokyo, Japan) at an excitation wavelength of 330-380 nm. Apoptotic nuclei of cells were assessed by counting the number of cells that displayed nuclear morphology changes, such as chromatin condensation and fragmentation.
Apoptosis detection by fluorescence-activated cell sorting GMCs transfected with different plasmids were again stimulated with sublytic C5b-9 for 3 h. Then, the GMCs were harvested and washed twice with PBS, followed by re-suspending in binding buffer containing Annexin-V-APC and propidium iodide. The samples were analyzed on a FACScan flow cytometer (Becton Dickinson, San Jose, CA, USA). The percentage of apoptotic cells in a 10 000-cell cohort was determined by flow cytometry. Each sample was assayed in triplicate.
Statistical analysis
Data are presented as mean6SE. One-way analysis of variance was used to determine significant differences among groups with simultaneous multiple comparisons between groups by the Scheffe method. P,0.05 was considered significant. All experiments were repeated at least three times.
RESULTS
ATF3 expression induced by sublytic C5b-9 complexes stimulation
To confirm whether upregulation of ATF3 gene expression is involved in stimulation of sublytic C5b-9, rat GMCs were treated with sublytic C5b-9 complexes for 40 min, 3 h, 6 h, 12 h and 24 h. The level of ATF3 mRNA and protein in the GMCs was measured using real-time PCR and western blot, respectively. The results showed that the mRNA and protein level of ATF3 increased at 40 min after sublytic C5b-9 attack, peaked at 3 h, and then was gradually reduced at 6 and 12 h (Figure 1a  and b) . To determine the effects of MEM, Thy-1 Ab and human serum and whether C6 is necessary for C5b-9 assembly on the membrane of GMCs, the cultured GMCs were treated with MEM, Thy-1 Ab, Thy-1 Ab1HIS, Thy-1 Ab1C6DS and sublytic C5b-9 for 3 h. ATF3 mRNA and protein in the above-mentioned groups were detected using the previously described methods. ATF3 expression increased at 3 h after exposure to sublytic C5b-9 compared with other control groups (Figure 1c and d) . Moreover, the results of immunohistochemical staining showed that ATF3 protein in the sublytic C5b-9-treated group was markedly increased at 3 h and distributed largely in the nuclei of GMCs. In addition, other control groups did not show a positive reaction of ATF3 staining (Figure 1e) . Together, these findings suggest that the upregulation of ATF3 expression is due to the assembly of C5b-9 on the GMC membrane, i.e., formation of sublytic C5b-9 complexes.
GMC apoptosis induced by sublytic C5b-9 complexes attack To demonstrate the role of sublytic C5b-9 complexes in GMC apoptosis, the cultured GMCs were divided into MEM, Thy-1 Ab, Thy-1 Ab1HIS, Thy-1 Ab1C6DS and sublytic C5b-9 groups. The percentage of GMC apoptosis in various groups at 3 h after different treatments was measured by flow cytometry. The results show that the percentage of GMC apoptosis increased significantly at 3 h after sublytic C5b-9 attack compared with other control groups (P,0.01), indicating that sublytic C5b-9 stimulation can indeed result in GMC apoptosis ( Figure 2) .
Effects of pcDNA3.1/ATF3 or ATF3 shRNA transfection on ATF3 expression in the GMC apoptosis induced by sublytic C5b-9 attack To ascertain the role of pcDNA3.1/ATF3 (pATF3) and ATF3 shRNA transfection in GMCs, the GMCs were first treated with pcDNA3.1/ ATF3, pcDNA3.1 (control) or ATF3 shRNAs 1-5 for 48 h before sublytic C5b-9 stimulation again for 3 h. Then, to further explore the effects on ATF3 expression mediated by sublytic C5b-9, the GMCs were also divided into eight groups (MEM, sublytic C5b-9, pcDNA3.1, pcDNA3.11sublytic C5b-9, pcDNA3.1/ATF31sublytic C5b-9, control shRNA1sublytic C5b-9 and ATF3 shRNA1sublytic C5b-9). ATF3 expression in the GMCs of various treatments at the indicated time was assessed using RT-PCR or real-time PCR and western blot. The results showed that ATF3 mRNA increased markedly at 40 min and peaked at 48 h after transfection with pcDNA3.1/ ATF3, and the level of ATF3 protein was also elevated significantly compared with transfection with pcDNA3.1 or treatment with MEM (Figure 3a and b) . In addition, ATF3 expression in the GMCs transfected with ATF3 shRNA-1 plasmid for 48 h before sublytic C5b-9 stimulation for 3 h was obviously less than that of GMCs transfected with other ATF3 shRNAs (such as ATF3 2-5 shRNAs). Therefore, ATF3 shRNA-1 was chosen as the best ATF3-targeting gene in the subsequent experiments (Figure 3c) . Correspondingly, the result of ATF3 protein detection revealed that ATF3 expression in the GMCs attacked by sublytic C5b-9 or transfected with pcDNA3.1/ATF3 was markedly increased (P,0.01 vs MEM or pcDNA3.1, respectively), and the level of ATF3 expression in the pcDNA3.1/ATF31sublytic C5b-9 group was much higher than that of the pcDNA3.1/ATF3 group (P,0.05) or pcDNA3.11sublytic C5b-9 group (P,0.01). However, ATF3 expression in the ATF3 shRNA1sublytic C5b-9 group was significantly less than that in the control shRNA1sublytic C5b-9 group (P,0.01; Figure 3d -e).
Effects of ATF3 gene over-expression or knockdown on GMC apoptosis induced by sublytic C5b-9 attack In order to further investigate the biological role of ATF3 in GMC apoptosis upon sublytic C5b-9 attack, GMCs were transfected with full-length ATF3 expression vector (pcDNA3.1/ATF3) or ATF3
Role of ATF3 in sublytic C5b-9-induced GMC apoptosis XM Jiang et al 145 The cultured rat GMCs were treated with sublytic C5b-9 for the indicated time points and analyzed by real-time PCR for ATF3 mRNA (a) or by western blot for ATF3 protein (b). The results showed that the levels of ATF3 mRNA and protein increased at 40 min after sublytic C5b-9 attack, peaked at 3 h, and then gradually reduced at 6 and 12 h (*P,0.05, **P,0.01 vs 0 h, DD P,0.01 vs 40 min). (c, d) The cultured rat GMCs were treated with MEM, Thy-1 Ab, Thy-1 Ab1HIS, Thy-1 Ab1C6DS or sublytic C5b-9 for 3 h. Expression of ATF3 (mRNA and protein) was analyzed by real-time PCR (c) and western blot (d). b-actin was used as the loading control. All data represent averages and mean6SD from three independent experiments. The data showed that ATF3 expression increased at 3 h after exposure to sublytic C5b-9 compared with other control groups (**P,0.01 vs MEM, DD P,0.01 vs Thy-1Ab, %% P,0.01 vs Thy-1 Ab1HIS, and ## P,0.01 vs Thy-1 Ab1C6DS). (e) Rat GMCs were cultured on plastic slides and treated with MEM (i), Thy-1 Ab (ii), Thy-1 Ab1HIS (iii), Thy-1 Ab1C6DS (iv) or sublytic C5b-9 (v) for 3 h then detected by immunohistochemistry using anti-ATF3 antibody and visualized under a microscope ((i)-(v), 3200; (vi), 3400; arrow, positive staining). The results showed that ATF3 protein in the sublytic C5b-9-treated group was markedly increased at 3 h and distributed largely in the nuclei of GMCs, while other control groups did not show a positive reaction of ATF3 staining. The images are representative of three independent experiments. Ab, antibody; ATF3, activating transcription factor 3; GMC, glomerular mesangial cell; HIS, heat-inactivated serum; MEM, modified Eagle's medium; PCR, polymerase chain reaction.
Role of ATF3 in sublytic C5b-9-induced GMC apoptosis XM Jiang et al 146 shRNA for 48 h and then attacked with sublytic C5b-9 for 3 h. The groups of GMCs of different treatments were the same as the previously described groups (containing the same control groups). The apoptosis of GMCs in various groups was detected by Hoechst 33342 staining and AV-APC/propidium iodide (PI) analysis. The results showed that over-expression of ATF3 could induce GMC apoptosis and increase the percentage of GMC apoptosis mediated by sublytic C5b-9 attack. As shown in Figure 4a , apoptotic nuclei stained by Hoechst 33342 in the pcDNA3.1/ATF3 group or sublytic C5b-9 group were significantly higher than those in the MEM or pcDNA3.1 groups, respectively (P,0.01). Meanwhile, the apoptotic nuclei in the pcDNA3.1/ATF31sublytic C5b-9 group were also higher than those in the pcDNA3.1/ATF3 (P,0.05) or pcDNA3.11sublytic C5b-9 group (P,0.01). However, the positive nuclei in the ATF3 shRNA1sublytic C5b-9 group were significantly fewer than those in the control shRNA1sublytic C5b-9 group (P,0.01). In parallel, a similar change in apoptotic percentage in the GMCs with the previously mentioned treatments was found by fluorescence-activated cell sorting (Figure 4b ). Collectively, these findings suggest that GMC apoptosis induced by sublytic C5b-9 attack is dependent, in part, on upregulation of ATF3 expression.
DISCUSSION
Rat Thy-1N is an acknowledged animal model for studying human MsPGN.
1, 22 Administration of anti-Thy-1 antibody, which binds to the Thy-1 antigen on the membrane of rat GMCs, can activate the complement system, leading to GMC injury. 23, 24 It has been reported that GMC lesions of Thy-1N is complement dependent, but neutrophil independent, 6, 24 and pathologic changes in apoptosis/necrosis and proliferation of GMCs appear in rat Thy-1N. 12 Because GMC apoptosis in the early stage of Thy-1N is considered a contributor to the initiation of Thy-1N, recent published studies have focused on GMC apoptosis in the early phase of rat Thy-1N. 11, 13 Nevertheless, the molecular mechanism responsible for GMC apoptosis of Thy-1N is currently not well elucidated.
It is well known that cell apoptosis is usually associated with the expression of apoptosis-related genes, including some transcription factor genes, i.e., ATF3. 25, 26 ATF3 is a member of the ATF/CREB subfamily of the basic region leucine zipper family. 27 Emerging evidence has demonstrated that ATF3 expression can be induced by a variety of physiological stimuli and pathologic stress signals. 28, 29 Early literature has shown that ATF3 could play a role in cell apoptosis or proliferation, and the diversity in the final readouts is most likely determined by the context of the cells. [30] [31] [32] Our previous studies have demonstrated that GMC apoptosis, necrosis and proliferation initially involved in Thy-1N development, 7, 10, 13 and ATF3 expression in the apoptotic GMCs of Thy-1N and the cultured GMCs attacked with sublytic C5b-9 was increased by microarray analysis (data not shown). In light of earlier reports suggesting that GMC injury in Thy-1N is complement dependent (especially C5b-9 complexes) and sublytic C5b-9 is generally regarded as the principal mediator of GMC lesions in Thy-1N, 6, 13 in the present study, ATF3 was selected as a candidate gene to first explore its expression in the GMC apoptosis mediated by sublytic C5b-9 stimulation in vitro.
Given that upregulation of ATF3 expression was revealed by microarray and to further confirm these results, the levels of both ATF3 mRNA and protein in the GMCs attacked with sublytic C5b-9 were measured by real-time PCR, western blot and immunohistochemistry. The results showed that ATF3 expression in the GMCs after sublytic C5b-9 exposure was markedly increased, and the number of GMCs upon sublytic C5b-9 attack was also elevated at the same time, suggesting that sublytic C5b-9 complexes could indeed induce ATF3 production and GMC apoptosis.
It has been reported that complement C5b-9 complexes in sublytic concentrations can induce a time-dependent activation of mitogenactivated protein kinase extracellular signal-regulated kinase and result in aortic smooth muscle cell or endothelial cell proliferation. 33, 34 Sublytic C5b-9 assembly on the plasma membrane was also able to activate Janus kinase 1, signal transducer and activator 3 and signal transducer and activator 4 in endothelial cells. 34 Our experiments have revealed that sublytic C5b-9 can trigger activation of the PI3-k/Akt signal pathway in GMCs, causing activation of some transcription factors, i.e., early growth response-1 (data not shown), and release of inflammatory mediators (i.e., nitric oxide) or cytokines (i.e., tumor-necrosis factor-a. 10, 21 Because ATF3 is a nuclear transcription factor induced by stress signals, 28, 35, 36 upregulation of ATF3 express- The data analysis showed that the percentage of GMC apoptosis increased significantly at 3 h after sublytic C5b-9 attack compared with other control groups (**P,0.01 vs MEM, gg P,0.01 vs Thy-1 Ab, %% P,0.01 vs Thy-1 Ab1HIS, ## P,0.01 vs Thy-1 Ab1C6DS). All data represent averages and mean6SD from three independent experiments. Ab, antibody; GMC, glomerular mesangial cell; HIS, heat-inactivated serum; MEM, modified Eagle's medium.
Role of ATF3 in sublytic C5b-9-induced GMC apoptosis XM Jiang et al 147 Figure 3 . ATF3 over-expression and knockdown in cultured rat GMCs. (a) The cultured rat GMCs were transfected with pcDNA3.1/ATF3 (pATF3), and at the indicated time points post-transfection, the cells were harvested and ATF3 mRNA levels were analyzed by RT-PCR. Semiquantitative analysis revealed that the ATF3 mRNA level in GMCs 48 h after transfection was significantly higher than that of other time points (**P,0.01 vs 0 h, gg P,0.01 vs 36 h). (b) The cultured rat GMCs were transfected with pcDNA3.1/ATF3 (pATF3) and pcDNA3.1 or MEM (control). At 48 h after transfection, the protein levels of ATF3 were measured by western blot. Semiquantitative analysis revealed that ATF3 protein was significantly increased in the pcDNA3.1/ATF3 transfection group (**P,0.01 vs MEM, gg P,0.01 vs pcDNA3.1). (c) shRNA for ATF3 was synthesized as described in Materials and Methods. shRNAs 1-5 were separately transfected into rat GMCs. After 48 h, the cells were treated with sublytic C5b-9 for another 3 h, and then cell lysates were examined by western blot. Semiquantitative analysis showed that ATF3 protein in the shRNA-1 transfection group was significantly decreased compared to other groups (*P,0.05, **P,0.01 vs control shRNA1sublytic C5b-9, gg P,0.01 vs ATF3 shRNA-21sublytic C5b-9). (d, e) Rat GMCs were transfected with pcDNA3.1/ATF3, pcDNA3.1, shRNA (shRNA-1), or control shRNA (scrambled gene shRNA) for 48 h and then treated with or without sublytic C5b-9 for 3 h. The total RNA and protein from these cells were prepared, and the expression of ATF3 and b-actin was examined by real-time PCR (d) and western blot (e). The results showed that ATF3 mRNA in the GMCs attacked by sublytic C5b-9 or transfected with pcDNA3.1/ATF3 was markedly increased (P,0.01 vs MEM or pcDNA3.1, respectively), and the level of ATF3 expression in the pcDNA3.1/ATF31sublytic C5b-9 group was much higher than that of the pcDNA3.1/ATF3 group (P,0.05) or pcDNA3.11sublytic C5b-9 group (P,0.01), while ATF3 expression in ATF3 shRNA1sublytic C5b-9 was significantly less than in the control shRNA1sublytic C5b-9 group (P,0.01). The analysis of ATF3 protein expression in various groups revealed similar results as that of real-time PCR detection. All data are presented as mean6SD from three independent experiments. ATF3, activating transcription factor 3; GMC, glomerular mesangial cell; MEM, modified Eagle's medium; RT-PCR, reverse transcription polymerase chain reaction; shRNA, small hairpin RNA.
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Role of ATF3 in sublytic C5b-9-induced GMC apoptosis XM Jiang et al 149 ion in the cultured GMCs may be due to the activation of some signal pathways via sublytic C5b-9 stimulation.
As for the role of ATF3 expression in GMC apoptosis induced by sublytic C5b-9 attack, our studies confirmed that over-expression of ATF3 protein in the GMCs transfected with the pcDNA3.1/ATF3 plasmid could markedly enhance sublytic C5b-9-induced GMC apoptosis. By contrast, knockdown of the ATF3 gene with specific ATF3 shRNA in advance could significantly decrease the percentage of GMC apoptosis in response to sublytic C5b-9 attack. Taken together, these results show that sublytic C5b-9 complexes can indeed induce GMC apoptosis, which is partially dependent on upregulation of ATF3 gene expression, suggesting that ATF3 may be an important factor in regulating GMC apoptosis of rats with Thy-1N.
Our and other studies 7, 11, 13 have demonstrated that GMC undergoes apoptosis, necrosis and proliferation during the progression of Thy-1N, and sublytic C5b-9 complexes not only cause GMC apoptosis or necrosis 7, 13 but also result in GMC proliferation. 10, 21 The different changes in GMC damage may be associated with the dose and time of complement C5b-9 complex stimulation or cell age, and activity and number of homologous restriction factors on the GMC surface. In addition, the fragments of some GMCs that undergo apoptosis may be a stimulus to other undamaged GMCs and lead to the release of inflammatory mediators or cytokines from GMCs or infiltrating macrophage phagocytosis, causing secondary cell proliferation. Thus, it is possible that inhibition of GMC apoptosis in rats with Thy-1N, i.e., knockdown of the ATF3 gene, would decrease GMC secondary injury of Thy-1N, but further studies in vitro and in vivo are needed to demonstrate this in the future. Figure 4 ATF3 increased apoptosis of rat GMCs induced by sublytic C5b-9 (sC5b-9) attack. (a) The cultured rat GMCs were transfected with pcDNA3.1/ATF3, pcDNA3.1, shRNA, or control shRNA for 48 h and then treated with or without sublytic C5b-9 for 3 h. The cells were fixed in 3% paraformaldehyde for 30 min, washed, stained with Hoechst 33342 and examined under a fluorescence microscope. Apoptotic cells were identified as cells with condensed, disrupted nuclei (arrow, Hoechst staining, 3200). Apoptotic cells in at least five random fields were counted. The percentage of apoptotic nuclei was calculated with the following formula: 1003number of apoptotic/total counted cell number (%). At least 400 apoptotic cells were counted for the ATF3-positive staining groups. The data showed that Hoechst 33342-stained cells in the pcDNA3.1/ATF3 group or sublytic C5b-9 group were significantly higher than those in the MEM or pcDNA3.1 group, respectively (P,0.01). Meanwhile, Hoechst 33342-stained cells in the pcDNA3.1/ATF31sublytic C5b-9 group were also higher than those in the pcDNA3.1/ATF3 (P,0.05) or pcDNA3.11sublytic C5b-9 group (P,0.01). However, the positive cells in the ATF3 shRNA1sublytic C5b-9 group were less than that in the control shRNA1sublytic C5b-9 group (P,0.01). The result is representative of three independent experiments. (b) Differently treated GMCs were stained with Annexin V/APC and PI and analyzed by flow cytometry. Percentages of early apoptotic cells (Annexin V positive, PI negative) were calculated. In parallel, similar changes in the apoptosis percentage in the GMC groups as the above-mentioned treatments by Hoechst 33342 staining were found. The displayed result is representative of three independent experiments. APC, allophycocyanin; ATF3, activating transcription factor 3; GMC, glomerular mesangial cell; MEM, modified Eagle's medium; PI, propidium iodide; shRNA, small hairpin RNA.
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